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In this work we investigate the dephasing of ultra cold 85Rb atoms trapped in an optical dipole trap and prepared in a coherent superposition of the two hyperfine ground states by interaction with a so-called H /2 micro wave (MW) pulse.
We demonstrate that the dephasing. measured as the Ramsey fringe contrast decay and related ~i t h the Loschmidt echo decay, can be reversed by stimulating a "coherence echo". The later is obtained by adding a population-inverting "n" pulse between the usual two H /2 pulses. We performed echo spectroscopy on atoms in a gaussian beam red-detuned trap and observed, for the proper trap parameters. a coherent signal, which for long times decays due to photon scattering, and has a time scale t u o orders of magnitude longer than the Ramsey decoherence times.
The incompleteness of the echo for other trap parameters is due to nave packet dynamics (see Fig. 1 ). and thereby "echo spectroscopy" can be used to study the quantum dynamics in the trap (e. g. the time correlation function of the dynamics), even uhen more than IO6 states are thermally populated [I] . Partial rebivals of the wave packet were observed at t=l/2T,, and t= T,,,.(see Fig. I ). For small potential difference (large trap laser detuning) a coherent echo signal can be observed even for times much longer than it takes the dynamics to dephase, since for a small change in the trap's potential there is a large probability to couple to the equivalent motional eigenstate \\hen atoms are transferred from one potential to the other by the MW pulse. In this way, the long time echo signal is a direct measurement of the sun ival probability of eigenstates under a perturbation. The existence of this "quantum" regime for the smallperturbation case was further confirmed experimentally by the observation of sidebands in the spectrum, a result contradicting the common wisdom that the motion of particles in a potential can be treated classical if kBT is much larger than the mean level spacing. An increase in coherence (a partial wave packet revival) is seen at t=1/2TO,, and t= T,,,. Where T,,,=3.5 ms is the oscillation time measured by a parametric excitation spectroscopy.
Our results are interesting in the light of the resent interest in quantum information. where the subject of decoherence and dephasing is of outmost importance. In addition, they hold promise for supplying an excellent testing ground of quantum chaos in atom optics billiards [2] and semiclassical physics. 
